Cardiovascular disease is the leading cause of mortality globally. Reperfusion injury is unavoidable in common treatment of cardiovascular disease like angioplasty and coronary artery bypass graft (CABG) surgery. Efforts to alleviate reperfusion injury through pharmacologic treatments and ischemic conditioning have been disappointing so far. Short-term PR is a non-invasive, clinically feasible and low-cost intervention. We found a beneficial effect of PR in reducing kidney injury after heart surgery. Further studies are required to assess compliance, safety and effectiveness of such dietary manipulation in the clinical setting.
Introduction
Kidney injury after surgeries with reperfusion to organs is a serious complication (1) and may result in infection, dialysis dependency, and high mortality rate. Left ventricular dysfunction, pre-operative kidney dysfunction and inflammation can be predictive of the kidney function after heart surgery (2) . Additionally, blood glucose control was shown to protect the kidney function in critically ill patients (3) .
Some pharmacological agents and non-pharmacological strategies had some promising results, but there is no consensus on one single method to reduce injury or to treat the established injury (4) . Ischemic preconditioning, for instance, is known as the most powerful strategy to reduce myocardial reperfusion injury (5) . In insulin resistance status, which is a common phenomenon in surgeries, ischemic preconditioning failed to reduce reperfusion injury (6) . Furthermore, ischemic preconditioning cannot prevent dialysis dependency and mortality (7) .
Dietary restriction is defined as reducing food intake without causing malnutrition (8) . Short-term dietary restriction has been evaluated for its impact on the consequences of acute stress resistance showing antiinflammatory (9), organ protection, and functional recovery benefits (10) . Protein or single amino acid restriction, regardless of calorie intake, was found to contribute to preconditioning against reperfusion injury (11) . Dietary preconditioning from protein restriction (PR) was demonstrated in preclinical models of kidney ischemia/reperfusion and focal stroke as the two major complications of heart surgery in the short period of 6 to 14 days (10, 12) .
Blood urea nitrogen (BUN) is one of the routinely measured biomarkers for assessing post-operative kidney function (13) . It was known that renal dysfunction and accumulation of uremic toxins leads to unfavorable outcome after heart surgery (14) .
Objectives
We aimed to study whether short-term PR would influence BUN levels after myocardial reperfusion injury (MRI). Moreover, we aimed to explore what factors mediate this possible pre-conditioning effect.
Materials and Methods

Animals and diet
Male Wistar rats (Pasteur Institute, Tehran, Iran), weighing 300-350 g, were acclimated for one month. Seven days before myocardial reperfusion, the rats were randomly fed with either AIN-93M or AIN-93M protein restricted diet ( Figure 1 ) in which protein was substituted with carbohydrates (Altromin Spezialfutter GmbH & Co. KG, Germany). After MRI, feeding continued with AIN-93M for one week. Food and fluid intake were assessed daily. On day seven after MRI, the rats were sacrificed with deep anaesthesia.
Myocardial ischemia/reperfusion model
Anesthesia was performed with intraperitoneal injection of xylazine 2% (8.7 mg/kg) and ketamine 10% (43 mg/kg). The surgical area was completely shaved and sterilized with ethanol 70%. The endotracheal intubation was performed and the rats were connected to a small animal pressure controlled ventilator (CW-SAR1000). Body temperature was maintained by a heating pad at 37 ± 1°C. Following pericardiotomy, the left anterior descending artery was ligated by a double knot prolene suture for a 30-minute ischemic period. Reperfusion was allowed by cutting the suture. Rats were weaned from mechanical ventilation when they became ambulatory.
Body weight assessment
Body weight was measured three times; before dietary manipulation, before surgery, and at the end of the study.
Blood glucose measurements
Blood glucose was measured by glucose meter (Glucocard 01, Arkray, Inc. Japan) on fresh blood according to the manufacturer's instruction. Measurements were done before MRI, 48h after that, and at the end of the study.
Serum analysis
Serum was separated by centrifuging at 4000 g for 10 minutes at 4°C and stored at -80°C until analysis. BUN was assessed by autoanalyzer BT1500(Biotecnica Company, Italy). Interleukin 6 (IL-6) (Abcam, UK) and Lactate dehydrogenase (LDH) (Cloud-Clone Crop, US) were measured by commercial ELISA kits. Assessments were performed before MRI and at the end of the study. Blood was drawn from tail vein before surgery and from the chest cavity at the end of the study.
Echocardiographic measurements
Transthoracic echocardiography was done using variable frequency harmonic phased-array transducer (General Electric-Vingmed Ultrasound, Horten Norway) at 12 MHZ. Myocardium left ventricle (LV) dimensions were measured using 2-dimensional M-mode LV imaging at the rate of 100 frames per second and a depth setting of 20 mm in the parasternal long-and short-axis views. Ejection fraction (EF) was calculated as follows;
Measurements were done before MRI induction and at the end of the study. A cardiologist expert in small animal echocardiography who was blinded to the study groups performed the measurements (15) .
Ethical issues
All the experiments were performed based on medical research ethics in the care and use of laboratory animals, 
Results
Food intake was not different between groups except on day 9 when the protein-restricted group had more food intake than the control group ( Figure 2 ). Fluid consumption was not different between the two groups. Despite no difference in calorie intake between the two groups of pre-and post-surgery (P = 0.7 and P = 0.2, respectively), the intervention group had a significant lower weight before surgery (P = 0.01). Pre-operative dietary manipulation led to a significant weight reduction in the intervention group (P = 0.005). Standard diet, however, caused a significant weight gain in the control group (P = 0.01). Despite weight reduction after MRI in both groups, one week after MRI weight was not different between the groups. Pre-operative mortality rate was 15% in protein restricted and 22% in the control groups. BUN levels increased significantly compared to the pre-operative level in the control group (P = 0.03) and decreased significantly in the protein-restricted group (P=0.01) ( Figure 3 ). Multivariate analysis showed that PR, through its effect on blood glucose (β = 1.2, 95% CI = 0.1-2.34), IL-6 (β = -2.22, 95% CI = -3.9 --0.54) and LVEF (β=-1.21, 95% CI = -2.34 -0.09) was able to protect the kidney from MRI (Table 1) .
Discussion
We investigated the effect of one-week PR on the BUN level as a marker of kidney injury after MRI. We also investigated what factors mediate this possible preconditioning effect. Multivariate regression analysis showed that seven days of PR could protect the post-MRI kidney function through modulating IL-6, left ventricular ejection fraction (LVEF) and blood glucose level. We indicated that post-operative glucose level was positively associated with BUN value one week after MRI. Previous studies showed that hyperglycemia preand peri-operative was accompanied by exacerbating the kidney injury after cardiac surgery (16) and higher long term mortality rate (17) . Interestingly, it was found that association of hyperglycaemia with reperfusion injury was stronger in nondiabetic individuals than diabetic ones (16) . Furthermore, insulin therapy could normalize the urea nitrogen synthesis in diabetic rats. The mechanism may lie in the anti-glucagon effect of insulin. Hyperglucagonemia has an important role in urea synthesis (18) . Additionally, blood glucose management decreases oxidative /nitrative stress in MRI (19) and reduces the kidney injury (20) .
We found that higher pre-operative IL-6 was associated with lower BUN levels after myocardial reperfusion injury. IL-6 has both pro-and anti-inflammatory effect on reperfusion injury. In contrast to our result, some studies found IL-6 devastating effect in renal ischemia/ reperfusion (21, 22) . Patel et al studied the kidney injury after renal reperfusion injury and found that IL-6 knockout mice and wild-type mice that were injected IL-6 antibody were protected from ischemia/reperfusion injury. Plasma creatinine and urea were lower when IL-6 function was prohibited (21) . However, in accordance to our finding, other studies proposed the preconditioning effect of IL-6. Collard and colleagues suggested that inhibition of reperfusion-induced inflammation may Figure 2 . Food intake through the study period. *Significant difference between two groups (P = 0.03) Figure 3 . BUN levels. * Significant difference between control and protein-restricted groups after 7 days of dietary manipulation (P = 0.02) and at the end of the study (P = 0.004). disrupt the protective physiologic process or result in immunosuppression (23) . Preconditioning effect of exercise, ischemic preconditioning, and pharmacological therapy against MRI are mediated by IL-6. In ischemic preconditioning and exercise-induced cardioprotection by IL-6, MAPKs and Janus kinase-signal transducer and activator of transcription (JAK/STAT) signalling pathways are activated (24) . It is unclear how PR-induced kidney protection in MRI are mediated by IL-6. Nonetheless, Nechemia-Arbely et al found that prevention of acute kidney injury by IL-6/IL-6R conducts via STAT3 signalling pathway (25) .
Conclusion
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